Introduction
The abducens nerve (AN) enters Dorello's canal after passing through the pontine cistern. The canal is located between the meningeal and periosteal layers of the dura mater just below the posterior clinoidal process. Trauma is the most common reason for bilateral abducens nerve palsy (ANP).
The nerve is injured by the shearing effect of trauma within the canal, where the nerve is held tightly (1) . The second most common cause of ANP is subarachnoid hemorrhage of aneurysms and arteriovenous malformations (2) , and the third most common cause is brain tumor, either because of direct invasion or as an effect of increased intracranial pressure (2) .
ANP caused by tumor invasion generally occurs at the brainstem, in the pontine cistern, or at the cavernous sinus (3) (4) (5) .
Here, we report a case of bilateral isolated ANP caused by head trauma on the right side and an unruptured aneurysm of the petrous internal carotid artery at the foramen lacerum pressing on Dorello's canal on the left side.
Aneurysm of the internal carotid artery (ICA) located at the level of the skull base has rarely been mentioned in the literature (6), and we have not found any report specifically describing an aneurysm in the petrous portion of the ICA pressing on Dorello's canal.
Case Report
A 31-year-old woman presented with the complaint of binocular horizontal diplopia at distance fixation in the primary position after an incident of head trauma 1 week prior (Fig. 1 ). She stated she had hit her head to the kitchen marble while standing up. . She had been seen by an ophthalmologist 2 months earlier, when she presented with a 1-month history of diplopia of both the right and left lateral gazes.
On ophthalmological examination, her vision was 20/20 with the Snellen Chart. Examination of the anterior segment and fundus revealed no abnormality. The patient's pupils were equal, round, and reactive to light without any afferent pupillary defect. A 12-prism diopter (PD) esotropia was measured at a distance, and there was a limitation of abduction in both eyes.
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Medical Science and Discovery, 2016; 3(9):334- 8 She had no systemic diseases such as diabetes mellitus, hypertension, or collagen tissue disorders. To investigate the etiology of bilateral ANP, magnetic resonance imaging (MRI) including the constructive interference in steady state (CISS) sequence of the brainstem and pontine cistern was initially scheduled.
The CISS sequence images through the medulla and pons demonstrated a normal course of the bilateral ANs (Fig. 2) ascending from the pontomedullary junction to Dorello's canal.
The course of the right AN from the pons up to the lateral rectus muscle of the ocular bulb and the adjacent anatomy was normal. But in the axial images of the skull base, especially on T2WI, the distal part of the left ICA petrous segment at the level of the foramen lacerum had a remarkable loss of signal void (Fig.3) . Multi-detector computed tomography (MDCT) angiography demonstrated a left distal petrous ICA aneurysm located under Dorello's canal that was remodeling the clivus (Fig. 4a, b) .
The size of the aneurysm was 12.6 × 9.3 × 8.6 mm. We conjectured that the left ANP was caused by the pressure of the aneurysm on Dorello's canal, and the right ANP was probably due to the trauma the patient had experienced.
Anticoagulation therapy was administered to the patient, and endovascular intervention of the aneurysm was planned for treatment of the left ANP. The patient was also administered systemic corticosteroid therapy for the traumatic ANP on the right side.
Two days after the placement of a carotid stent in the left ICA aneurysm (Fig. 5a, b) , the patient's left eye was completely recovered from esotropia and the limitation of abduction. The palsy of the right abducens nerve improved within a month. 
Discussion
The nucleus of the AN is located in the dorsal pons. Its course from the nucleus to its innervation of the lateral rectus muscle can be divided into four parts: the nucleus and intraparenchymal portion, cisternal portion, cavernous sinus portion, and orbital portion. The AN passes through the pontine cistern and enters the dura at the base of the skull, where it courses through Dorello's canal before entering the cavernous sinus (7). Dorello's canal has been defined as the small space located between the two dural leaves below the posterior clinoid process and the most anteromedial portion of the petrous ridge (8) . The canal extends from the point where the AN pierces the dura mater to its entrance into the cavernous sinus. Its length is 4 to 13 mm (9). The petrosphenoidal ligament, or Gruber's ligament, is the posteromedial limit of the canal, connecting the petrous ridge to the clivus. The AN sheath has multiple connective tissue attachments to Gruber's ligament and the endosteal dura mater in Dorello's canal. These attachments limit the mobility of the nerve in compressive or stretch injuries, and the part of the nerve affected by trauma is generally this segment within the canal (1, 10) . Avulsion injury may be the mechanism of ANP in the absence of evident fractures, as in the present case. While Dorello's canal cannot be directly revealed with radiological imaging techniques, the surrounding structures constituting the canal can be assessed. All 4 portions of the nerve should be radiologically normal for isolated posttraumatic ANP to be diagnosed.
In the literature, ANP related to an aneurysm is generally bilateral and results from bleeding of the aneurysm (11) . Subarachnoid bleeding affects the cisternal portion of the AN.ANP can also be caused by a direct aneurys-mal mass effect without bleeding on the AN, and this rare effect usually occurs at the cavernous sinus (12) . ANP does not frequently occur because of pressure from an aneurysm on Dorello's can; the left nerve palsy of our patient was due to the pressure of the distal petrous ICA aneurysm on the canal, as indicated by the patient's quick recovery from nerve palsy after stent treatment.
The main radiological approach to investigating ANP is MRI. But it is difficult to identify the AN clearly using conventional MRI sequencing due to its long course up to the cavernous sinus from the brainstem. Advanced MRI sequences have improved our ability to visualize the cisternal portion of the AN. In particular, T1-weighted 3D magnetization-prepared rapid gradient-echo (MP-RAGE) imaging and heavily T2*-weighted 3D CISS sequences with 1-mm section thickness on the axial and sagittal planes can provide detailed images of the cisternal portion of the AN (13) . To investigate neural parenchyma-induced etiologies, the fluid-attenuated inversion recovery (FLAIR) sequence should be performed to confirm suspicion of multiple sclerosis in young patients, and DWI should be performed for suspicion of ischemia in elderly patients (14, 15) . In order to assess the level of the nerve between the cisternal and orbital portion, axial and coronal T1WI with contrast medium is needed to search for a possible brainstem tumor, infectious or malignant meningeal disease in the basal cisterns, cavernous sinus infectious disease, or a sellar mass (16) .
As in our patient, the skull base should be carefully evaluated to investigate the etiology of ANP because of the possibility for an aneurysm or mass to be settled in this region. In the diagnosis of subarachnoid hemorrhage and hydrocephalus causing ANP after trauma or ruptured aneurysm, CT is the first imaging modality that should be performed. CT and MR angiography are minimally invasive imaging methods and should be the first choices for investigating an aneurysm on the circle of Willis.
Traumatic ANPs are usually observed immediately after a head trauma, and the rate of spontaneous recovery from ANP without underlying etiology is 84% in unilateral palsy and 38% in bilateral palsy 1. The main treatment of ANP is intented to the etiology.
Abducens nerve palsy related to pressure of an aneurysm on Dorello's canal has not yet been reported in the literature.
Accordingly, the skull base should be carefully evaluated to investigate the etiology of abducens palsy. 
